

TITLE OF THE INVENTION 



Laminated stator body for an electrical machine 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to the field of electrical machines. It relates to 
a laminated stator body for a rotating electrical machine as - speeified--in— the - ., 
1 0 preamble^£eIaiffl-4 . 

Such an electrical machine is disclosed, for example, by "Konstruktion 
elektrischer Maschinen" ["Construction of electrical machines"], E. Wiedemann 
and W. Kellenberger, Springer- Verlag, Berlin/Heidelberg, 1967, pages 337 - 339. 

1 5 Discussion of Background 

In rotating alternating-current machines, such as, for example, generators or 
motors, magnetic fields rotate in operation at the frequency of the rotational speed. 
These fields attempt to change the laminated stator body into a rotating ellipse in 
the case of two-pole machines and into a rotating square in the case of four-pole 

20 machines. These deformations of the laminated stator body are the cause of 
magnetic noises and of vibrations of the stator casing. In this case, however, these 
deformations are also directly related to the geometric proportions of the laminated 
stator body. Contributory variables are the outside diameter of the laminated stator 
body and the yoke height of the laminated body. The depth of the slots for 

25 accommodating the stator winding, which are distributed over the inner 
circumference of the bore and are oriented to the longitudinal axis of the machine, 
also has an effect. 

Typical designs of 2 -pole generators with their so-called 4-node vibrations 
of the laminated stator body, which occur under operating conditions, make it 
30 necessary for the laminated body to be arranged resiliency in a stator casing. 
However, the utilization of the resilient arrangement is limited not least by the 
strength of the stator winding overhangs arranged outside the laminated stator 
body. 



35 especially problematical - and the essence of the present invention is also directed 
at this problem the term high voltage referring here to a far higher voltage than 
the operating voltages of 20 - 30 kV which are common today. Such high-voltage 
generators are used in a voltage range of up to 400 kV or higher and are connected 
directly - that is, without the interconnection of a transformer - to a power 



The use of generators as turbomachines in high-voltage networks is 
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transmission network having a conventional voltage level of, for example, 400 kV. 
The advantages of a direct network connection lie in particular in the saving of 
transformers and associated switchgear, including installation space and 
maintenance cost. 

5 In high-voltage generators, however, a larger number of turns than in 

conventional machines is a basic precondition. The larger number of turns must 
therefore be inserted in deeper slots of a laminated stator body. In publication JP 
1-126141, the notches are filled with a permeable material, which, however, means 
that more material is required and thus the costs are higher. 

10 In the case of the yoke height - that is, the distance between the slot root 

and the outside diameter of the laminated stator body - the dimension, in view of 
the magnetic flux flowing through, must not fall below a minimum. However, the 
combination of deep stator slots and yoke heights designed with regard to the flux 
density leads to operation in the vicinity of the 4-node natural frequency and thus 

15 to inadmissible amplitudes at the abovementioned 4-node vibrations. The 
amplitudes of the vibrations would increase up to an order of magnitude of 150 m 5 
which may lead to the mechanical destruction of the electrical machine. In terms of 
economical transport, strengthening the laminated stator body by increasing the 
diameter, is limited by the so-called track loading gage. 

20 

SUMMARY OF THE INVENTION 
Accordingly, one object of the invention is to design a novel laminated 
stator body for a high-voltage turbogenerator of the type mentioned at the 
beginning in such a way that, with a comparatively small outside diameter of the 
25 laminated stator body and large slot depths for the stator winding, a sufficiently 
high mechanical strength in respect of operationally induced vibration amplitudes 
is achieved. 

According to the invention, the object is achieved by the features of the first 

claim. 

30 The advantages of the invention may be seen, inter alia, in the fact that, by 

virtue of the notches on the radial outside of the segmental laminations forming the 
laminated stator body, the natural frequency of the laminated body is considerably 
reduced and comes to lie below the rotational excitation frequency, whereas the 
magnetic conditions in the laminated body remain largely unaffected. The notches 

35 are not filled with a permeable material, as in the prior, art but are filled with air. 
Here, the notching permits a comparatively small diameter of the laminated stator 
body, which comprises the magnetic part of a high-voltage generator having deep 
slots for the conductor bars or conductor coils. It is especially advantageous if the 
notches end radially on the inside in a relief opening. 
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A first preferred embodiment of the invention is defined in that twice the 
number of notches as slots for the stator winding are arranged in the laminated 
stator body, the notch depth being in the order of magnitude of 20% of the yoke 
height. 

A second preferred embodiment of the laminated stator body according to 
the invention is distinguished in that the number of slots and notches in the 
laminated stator body is the same, the notch depth being in the order of magnitude 
of 40% of the yoke height. 

A width of the notches of about 0.5 mm to 1 mm is especially preferred. 

BRIEF DESCRIPTION OF THE DRAWING 
A more complete appreciation of the invention and many of the attendant 
advantages thereof will be readily obtained as the same becomes better understood 
by reference to the following detailed description when considered in connection 
with the accompanying drawing, wherein the single figure shows, in simplified 
representation, a preferred exemplary embodiment for the segmental laminations 
forming the laminated stator body according to the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the drawing, wherein only the parts essential for the 
invention are shown and designated, a preferred exemplary embodiment of a 
segmental lamination 1 is shown in the figure, this segmental lamination 1 
typically being provided on its radial inside with slots 2 for accommodating a 
stator winding (not shown here). A large number of such segmental laminations 1 
are arranged next to one another in both the circumferential direction and the axial 
direction - that is, perpendicularly to the drawing plane - and form in their entirety 
a laminated stator body (likewise not shown). All the segmental laminations 1 are 
oriented in such a way that the slots 2 are arranged in alignment with one another. 

According to the invention, the segmental laminations 1 are provided on 
their radial outside with a number of notches 3, which have a width K B of between 
0.5 mm and 1 mm and are arranged axially in alignment with one another. The 
notches 3 end radially on the inside in a so-called relief opening 4. The notches 3 
are filled with air. 

A laminated stator body, composed of the segmental laminations described, 
exhibits especially good mechanical properties in combination with optimum 
magnetic properties when used in a high-voltage generator, which is operated, for 
example, at operating voltages of 400 kV and above. For this purpose, as compared 
with conventional generators having operating voltages of 20 kV - 30 kV> a larger 
number of turns of a stator winding have to be inserted into a slot 2 having a 
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correspondingly greater depth N T . As already discussed in the introduction, the 
yoke height J H - that is, the dimension between the root of slot 2 and the outer 
radius r a - must be correspondingly large for reliable operation under conventional 
mechanical vibration loading. 
5 The invention now comes into play here, without the yoke height J H having 

to be critically increased in view of the operationally induced vibrations. This 
would be a measure which is undesirable with regard to both the greatly increasing 
weight and an uneconomical transport size. The invention makes it possible, then, 
for the yoke height J H to be designed essentially from magnetic aspects, that is, for 
1 0 a smaller yoke height J H to be provided than would be necessary when considering 
the mechanical strength in operation. 

A first typical numerical example will explain the invention in more detail: 
If the laminated stator body of a high-voltage generator is designed only 
according to magnetic aspects, this results in a slot depth N T of about 600 mm, a 
15 slot width N B of 60 mm, a yoke height J H of 500 mm, and a yoke outside diameter 
r a of 3600 mm. Such a magnetically correct design, in a two-pole high- voltage 
generator of conventional type, would cause a 4-node vibration having an 
amplitude of about 150 jam at 95 Hz. In this case, the excitation frequency is 
1 00 Hz. These operating values are inadmissible. 
20 The arrangement according to the invention of radial notches 3 arranged so 

as to be periodically distributed over the outer circumference reduces the 4-node 
vibrations to an amplitude of about 50 m at 70 Hz. These values are noncritical 
under operating conditions. The number of notches 3 in this case is 72, which is 
twice as much as the number of slots 2. The notch depth K T is in the order of 
25 magnitude of 100 mm, the notch depth K T thus being in the order of magnitude of 
20% of the yoke height J H . 

A second solution of the invention is shown in the following example: 
At the same geometric dimensions of the outside diameter r a , the slot depth 
N T and the yoke height J H , the same number of notches 3, distributed uniformly 
30 over the outer circumference, as the number of slots 2 produces an equally good 
reduction in the mechanical vibration loading, as described above, if the depth of 
the notches 3 is in the order of magnitude of 200 mm. In this case, the notch depth 
is in the order of magnitude of 40% of the yoke height J H . 

Substantially deeper notches 3 than those shown in the two design variants 
35 cause the vibration amplitudes to increase again, on account of the increasing 
proportion of static deformation. 

The function of the relief openings 4 is the same in the solutions shown 
according to the invention. Undesirable tearing-out in the root of the notches 3 
under operationally induced vibration loading is thereby prevented. 
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The invention is of course not restricted to the exemplary embodiments 
shown. Thus, for example, another combination of the number of slots and the 
number of notches is also conceivable, in which case the notch depth must than 
also be adapted accordingly. 
5 Obviously, numerous modifications and variations of the present invention 

are possible in light of the above teachings. It is therefore to be understood that, 
within the scope of the appended claims, the invention may be practiced otherwise 
than as specifically described herein. 



